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Abstract of WO0121959 

An autonomous inverter driving hydraulic unit 
having no need to have an instruction pressure 
and an instruction flow rate inputted thereinto 
from outside, eliminating the need for input signal 
line and being capable of autonomously 
controlling pressure and flow rate. The target 
horse power calculating section (25) of a 
controller (1 1 ) determines to which region (a, b, 
c) a point (present pressure, present flow rate) 
indicating the present operating state belongs so 
as to calculate the target horse power indicated 
by a point on a target pressure-flow rate 
characteristic line on the basis of the present 
pressure and present flow rate. A comparing 
section (28) finds the deviation between this 
target horse power and the present horse power 
obtained from a present horse power calculating 
section (26) and inputs a control signal indicating 
this deviation into an inverter (3) to control the 
rpm of variable speed motor (2) to cause the 
present horse power to coincide with the target 
horse power. Thus, the autonomous control is so 
effected that the present pressure and present 
flow rate may lie on the target pressure-flow rate 
characteristic line. Therefore, the input signal line 
becomes unnecessary, simplifying the wiring 
around. 




zv, v -mis3sm Bftftsa assess »ws»» kbssss* 



Data supplied from the esp@cenet database - Worldwide 



://v3.espacenetxom/textdoc?DB=EPODOC&IDX=WO0121959&F=0&QPN=WO012... 1/24/2008 



esp@cenet document view Page 2 of 2 



http://v3.espacenet.com/textdoc?DB=EPODOC&IDX=WO0121959cS:F=0cS:QPN=WO012... 1/24/2008 



esp@cenet description view 



Page 1 of 6 



AUTONOMOUS INVERTER DRIVING HYDRAULIC UNIT 



Description of corresponding document: Translate this text 

EP1 134421 



TECHNICAL FIELD 



[0001] The present invention relates to a hydraulic unit in which a hydraulic pump is driven by a variable- 
speed motor driven by an inverter. 



BACKGROUND ART 



[0002] Conventionally, there is a hydraulic unit in which a servomotor for driving a hydraulic pump is 
controlled in response to operation of an actuator, by a pressure control signal representing a deviation of a 
pressure command signal inputted from outside (main unit side) and a pressure signal representing a 
discharge pressure of the hydraulic pump detected by a pressure sensor at the time of pressure control 
while controlled by a flow rate control signal representing a deviation of a flow rate command signal 
inputted from outside and a rotation speed signal of the servomotor equivalent to a flow rate detected by a 
rotation sensor at the time of flow rate control (Japanese Patent Laid-Open Publication No. 5-1 96001 ). 

[0003] However, since input signal wires are required to input the pressure command signal and flow rate 
command signal from outside in the conventional hydraulic unit, a problem arises that the surrounding of 
the hydraulic unit becomes disorderly with these input signal wires and a power wire. 



DISCLOSURE OF THE INVENTION 



[0004] Accordingly, an object of the present invention is to provide a hydraulic unit which does not require 
input signal wires connected from outside. 

[0005] To attain the above-described object, the autonomous inverter-driven hydraulic unit of the present 
invention comprises: 

a hydraulic pump; 

a variable-speed motor for driving the hydraulic pump; 

an inverter for driving the variable-speed motor; 

a load sensor for detecting a load of the hydraulic pump; 

a rotation sensor for detecting a rotation speed of the variable-speed motor or hydraulic pump; and 
a controller for outputting a control signal to the inverter based on outputs from the load sensor and rotation 
sensor so that a pressure and flow rate of fluid discharged from the hydraulic pump become a pressure and 
flow rate on a predetermined target pressure-flow rate characteristic line. 



[0006] According to the above constitution, the controller outputs the control signal to the inverter based on 
the outputs from the load sensor and rotation sensor without receiving a pressure command signal or flow 
rate command signal from outside so that a pressure and flow rate of fluid discharged from the hydraulic 
pump become a pressure and flow rate on the predetermined target pressure-flow rate characteristic line. 
Thus, this autonomous inverter-driven hydraulic unit controls the rotational number of the variable-speed 
motor by the controller autonomously via the inverter to control the pressure and flow rate of the fluid from 
the hydraulic pump without receiving a pressure command signal or flow rate command signal from outside 
Therefore, input signals wire can be omitted and no human operation for inputting these command signals 
is required since the pressure command signal and flow rate command signal do not need to be inputted 
from outside. Thus, wiring is simplified. 
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[0007] In one embodiment, the target pressure-flow rate characteristic line is composed of a maximum flow 
rate line, maximum horsepower curve or pseudo maximum horsepower line, and maximum pressure line. 

[0008] According to the above constitution, for example, at the time of pressure keeping, the controller 
rotates the variable-speed motor via the inverter so that the hydraulic pump discharges at a low flow rate 
represented by a point on a maximum pressure line substantially in parallel to a flow rate axis. Therefore, 
since the variable-speed motor and hydraulic pump do not rotate at a rotation speed higher than necessary, 
energy saving can be achieved with little horsepower loss and noises can be reduced. Also, when no 
pressure is required, the controller rotates the variable-speed motor via the inverter so that a discharge 
pressure of the hydraulic pump becomes a low pressure represented by a point on a maximum flow rate 
line substantially in parallel to a pressure axis. Therefore, since the variable-speed motor and hydraulic 
pump do not rotate at a rotation speed higher than necessary, energy saving can be achieved with little 
horsepower loss and noises can be reduced. When a maximum horsepower is required, the controller 
rotates the variable-speed motor via the inverter to obtain a value on the maximum horsepower curve or 
pseudo maximum horsepower line. 

[0009] In one embodiment, the controller has a target horsepower calculation unit calculating a target 
horsepower based on the outputs from the load sensor and rotation sensor and the target pressure-flow 
rate characteristic line, a present horsepower calculation unit calculating a present horsepower based on 
the outputs from the load sensor and rotation sensor and a comparison unit comparing the target 
horsepower and the present horsepower and outputting the control signal to the inverter. 

[0010] According to the above constitution, the target horsepower calculation unit of the controller 
calculates the target horsepower based on the outputs from the load sensor and rotation sensor and the 
target pressure-flow rate characteristic line without receiving a command signal from outside. On the other 
hand, the present horsepower calculation unit calculates the present horsepower based on the outputs of 
the load sensor and rotation sensor. Then, the comparison unit compares the target horsepower and the 
present horsepower and outputs a control signal to the inverter so that the present horsepower becomes 
the target horsepower. Thus, the flow rate and pressure of the fluid discharged from the hydraulic pump 
easily become values on the target pressure-flow rate characteristic line. 

[001 1] In one embodiment, the load sensor is a current sensor for detecting current flowing to the variable- 
speed motor. 

[0012] According to the above constitution, since the load sensor is the current sensor for detecting current 
which flows to the variable-speed motor, the discharge pressure of the hydraulic pump can be easily 
detected. 

[0013] In one embodiment, the load sensor is a pressure sensor for detecting a pressure in a discharge line 
of the hydraulic pump. 

[0014] According to the above constitution, since the load sensor is the pressure sensor for detecting the 
pressure in the discharge line of the hydraulic pump, the pressure in the discharge line of the hydraulic 
pump can be detected directly and precisely. 



BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 is a block diagram showing an autonomous inverter-driven hydraulic unit according to one 
embodiment of the invention; and 

Fig. 2 is a target pressure-flow rate characteristic line drawing. 



BEST MODE FOR CARRYING OUT THE INVENTION 



[001 6] The present invention is described in detail below with reference to an embodiment shown in the 
drawing. 
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[001 7] As shown in Fig. 1 , in this autonomous inverter-driven hydraulic unit J, a fixed displacement type 
hydraulic pump 1 such as, for example, a gear pump, trochoide pump, vaned pump, piston pump or the like 
is driven by a variable-speed motor 2 such as, for example, a switched reluctance motor, buried magnetic 
type motor (IPM) or the like and this variable-speed motor 2 is driven by an inverter 3. A rotation speed of 
the variable-speed motor 2 corresponding to a discharge flow rate of the fixed displacement type hydraulic 
pump 1 is detected by a rotation sensor 6 and a pressure of fluid of the discharge line of the fixed 
displacement type hydraulic pump 1 is detected by a pressure sensor 6 as an example of a load sensor. 
The inverter 3 controls the number of revolutions of the fixed displacement type hydraulic pump 1 via the 
variable-speed motor 2 by controlling switching of transistors (not shown) by a control signal from a 
controller 1 1 receiving outputs from the rotation sensor 5 and pressure sensor 6. A flow rate command 
signal or pressure command signal from outside of this autonomous inverter-driven hydraulic unit J is not 
inputted to this controller 1 1 , but the flow rate and pressure of the fixed displacement type hydraulic pump 1 
are autonomously controlled based on outputs from the rotation sensor 5 and pressure sensor 6 as 
described later. 

[001 8] On the other hand, a power wire from an ac power supply (commercial power supply) 1 5 is 
connected to a power supply connecting terminal 16 to supply ac power to a converter 17. Smoothed dc 
power outputted from this converter 1 7 is supplied to the inverter 3 and to a power circuit 1 8 for the 
controller. This power circuit 18 for the controller reduces a voltage to, for example, 5V and supplies low- 
voltage do power to the controller 1 1 . The converter 1 7 and power circuit 1 8 for the controller constitute a 
power supply device. 

[0019] The controller 1 1 is composed of a microcomputer and has setting switches 21 , 22, 23 as examples 
of setting means, a target horsepower calculation unit 25, present horsepower calculation unit 26, 
comparison unit 27 and compensatory calculation unit 28. A maximum set pressure, maximum set flow rate 
and maximum set horsepower are inputted to a storage unit (not shown) of the target horsepower 
calculation unit 25 in advance by using the setting switches 21 , 22, 23, respectively. The target horsepower 
calculation unit 25 creates a target pressure-flow rate characteristic line shown in Fig. 2 (information 
equivalent thereto) based on the maximum set pressure, maximum set flow rate and maximum set 
horsepower and stores the line in the storage unit. As shown in Fig. 2, this target pressure-flow rate 
characteristic line is composed of a maximum flow rate line MV corresponding to a maximum set flow rate, 
a maximum horsepower curve MHP composed of a hyperbolic curve corresponding to a maximum set 
horsepower and a maximum pressure line MP corresponding to a maximum set pressure. The target 
horsepower calculation unit 25 also stores line SO connecting an intersection point S of the maximum flow 
rate line MV and maximum horsepower curve MHP and the origin O and line TO connecting an intersection 
point T of the maximum horsepower curve MHP and maximum pressure line MP and the origin O and 
defines a region a enclosed by the vertical axis (flow rate axis), maximum flow rate line MV and line SO, 
region b enclosed by lines SO, TO and the maximum horsepower curve MHP and region c enclosed by line 
TO, the maximum pressure line MP and horizontal axis (pressure axis). Furthermore, the target horsepower 
calculation unit 25 receives the rotation speed inputted from the rotation sensor 5, that is, a signal 
representing the present flow rate and a signal representing the present pressure inputted from the 
pressure sensor 6 and can identify by calculation a region out of the aforementioned regions a, b, c to 
which a point in Fig. 2 represented by these present flow rate and present pressure, that is, a point (present 
pressure, present flow rate) representing the present operating state belongs to. This calculation 
determines on which side of the lines or curve defining borders of regions a, b, c the point (present 
pressure, present flow rate) is located and a coordinate of the point (present pressure, present flow rate) is 
substituted in expressions of the lines or curve to see whether the value is positive or negative. 

[0020] Furthermore, the target horsepower calculation unit 25 calculates a target horsepower in respective 
regions a, b, c as follows and outputs the target horsepower to the comparison unit 27; 
Target horsepower = maximum set flow rate MV x present pressure 

when a point (present pressure, present flow rate) representing the present operating state represented as 
the present flow rate and present pressure in Fig. 2 belongs to the aforementioned region a, 
Target horsepower = maximum set horsepower 

when a point (present pressure, present flow rate) representing the present operating state represented as 
the present flow rate and present pressure in Fig. 2 belongs to the aforementioned region b, and 
Target horsepower = maximum set pressure MP x present flow rate 

when a point (present pressure, present flow rate) representing the present operating state represented as 
the present flow rate and present pressure in Fig. 2 belongs to the aforementioned region c. 
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[0021] On the other hand, the present horsepower calculation unit 26 obtains a rotation speed of the 
variable-speed motor 2 represented by a signal received from the rotation sensor 5, that is, the present flow 
rate and present pressure represented by a signal received from the pressure sensor 6 and then calculates 
the present horsepower which is a product of the present flow rate and the present pressure, and outputs 
this present horsepower (= present flow rate x present pressure) to the comparison unit 27. This 
comparison unit 27 calculates a deviation of the target horsepower and present horsepower and outputs a 
control signal representing this deviation to the compensatory calculation unit 28. In this compensatory 
calculation unit 28, compensatory calculation such as, for example, PI (proportional integral) calculation or 
the like is performed on the control signal, and the compensated control signal is outputted to the inverter 3 
to control the rotation speed of the variable-speed motor 2 so that the present horsepower coincides with 
the target horsepower. That is, autonomous control is achieved based on the present pressure and present 
flow rate without receiving a command pressure signal or command flow rate signal from outside so that a 
point (present pressure, present flow rate) representing the pressure and flow rate of fluid outputted from 
the fixed displacement type hydraulic pump 1 is located on the target pressure-flow rate characteristic line 
shown in Fig. 2. 

[0022] In the autonomous inverter-driven hydraulic unit of the above constitution, when a point (present 
pressure, present flow rate) representing the present operating state represented as the present flow rate 
detected by the rotation sensor 5 and the present pressure detected by the pressure sensor 6 belongs to 
region a in Fig. 2, the target horsepower calculation unit 25 assumes that the maximum set flow rate MV x 
present pressure = target horsepower. When the point (present pressure, present flow rate) representing 
the present operating state belongs to region b in Fig. 2, the target horsepower calculation unit 25 assumes 
that the maximum set horsepower = target horsepower. When the point (present pressure, present flow 
rate) representing the present operating state belongs to region c in Fig. 2, it is assumed that the maximum 
set pressure MP x present flow rate = target horsepower. The target horsepower calculation unit 25 inputs 
the thus calculated target horsepower to the comparison unit 27. This comparison unit 27 calculates a 
deviation of this target horse power and the present horsepower received from present horsepower 
calculation unit 26, inputs a control signal representing this deviation to the inverter 3 via the compensatory 
calculation unit 28 and controls a rotational number of the variable-speed motor 2 so that the present 
horsepower coincides with the target horsepower. Therefore, the point (present pressure, present flow rate) 
representing the pressure and flow rate of fluid discharged from the fixed displacement type hydraulic pump 
1 is located on the target pressure-flow rate characteristic line shown in Fig. 2. 

[0023] Thus, this autonomous inverter-driven hydraulic unit performs autonomous control based on the 
present pressure and present flow rate without receiving a command pressure signal or command flow rate 
signal from outside so that a point (present pressure, present flow rate) representing the pressure and flow 
rate of fluid discharged from the fixed displacement type hydraulic pump 1 is located on the target pressure- 
flow rate characteristic line shown in Fig. 2. Therefore, this autonomous inverter-driven hydraulic unit 
requires no input signal wire to be connected for a command pressure signal or command flow rate signal 
and thus the surrounding wiring is simplified. 

[0024] In addition, for example, at the time of pressure keeping in region c shown in Fig. 2, the controller 1 1 
rotates the variable-speed motor 2 at a low speed via the inverter 3 so that the fixed displacement type 
hydraulic pump 1 discharges a low flow rate represented by a point on the maximum pressure line MP 
substantially in parallel to the vertical axis (flow rate axis) and the pressure is maintained at the maximum 
set pressure MP with a low discharge flow rate. Therefore, since the variable-speed motor 2 and fixed 
displacement type hydraulic pump 1 don not need to rotate at a rotation speed higher than necessary, 
energy saving can be achieved with little horsepower loss and noises can be reduced. On the other hand, 
when a high flow rate represented by region a in Fig. 2 is required but a pressure is not required, the 
controller 1 1 rotates the variable-speed motor 2 via the inverter 3 so that the discharge pressure of the fixed 
displacement type hydraulic pump 1 becomes a low pressure represented by a point on the maximum flow 
rate line MV substantially in parallel to the horizontal axis (pressure axis). Therefore, since the variable- 
speed motor 2 and fixed displacement type hydraulic pump 1 don not need to rotate at a rotation speed 
higher than necessary, energy saving can be achieved with little horsepower loss and noises can be 
reduced. Also, when the maximum horsepower is required, the controller 1 1 rotates the variable-speed 
motor 2 via the inverter 3 so that a value on the maximum horsepower curve MHP is obtained. 

[0025] In the above embodiment, the target horsepower is calculated based on the target pressure-flow rate 
characteristic line by the target horsepower calculation unit 25 of the controller 1 1 depending on which of 
regions a, b, c in Fig. 2 a point (present pressure, present flow rate) representing the present operating 
state is located in and then a control signal representing a deviation of the target horsepower and present 
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horsepower is outputted from the comparison unit 27 to the inverter 3 so that the present horsepower 
becomes the target horsepower. Therefore, the point (present pressure, present flow rate) representing the 
flow rate and pressure of fluid discharged from the fixed displacement type hydraulic pump 1 can easily 
become a value on the target pressure-flow rate characteristic line. 

[0026] Furthermore, since the power supply device is constituted by the converter 17 and power circuit 18 
for the controller in this embodiment, power can be supplied to the controller 1 1 and inverter 3 only by 
connecting a power wire of an ac power supply (commercial power supply) 15 to the power supply 
connecting terminal 1 6 without connecting input signal wires for command signals and the pressure and 
flow rate of fluid discharged from the fixed displacement type hydraulic pump 1 can be autonomously made 
values on the target pressure-flow rate characteristic line in Fig. 2 based on the present pressure and 
present flow rate. Therefore, there is no input signal wire surrounding the autonomous inverter-driven 
hydraulic unit J and the surroundings becomes orderly. 

[0027] In the above embodiment, the target pressure-flow rate characteristic line is composed of the 
maximum flow rate line, maximum horsepower curve and maximum pressure line. However, a pseudo 
maximum horsepower line composed of a diagonal line or polygonal line may be used instead of the 
maximum horsepower curve. Also, the target pressure-flow rate characteristic line may be an arbitrary 
curve or polygonal line which is the most preferable for operation. 

[0028] Also, in the above embodiment, a target horsepower is obtained for each of regions a, b, c so that 
the present pressure and present flow rate become values on the target pressure-flow rate characteristic 
line. However, the shortest distance between a point (present pressure, present flow rate) representing the 
present operating state and the target pressure-flow rate characteristic line may be obtained and a product 
of a pressure and flow rate represented by the point on the target pressure-flow rate characteristic line 
which is located at the shortest distance may be made a target horsepower. 

[0029] Furthermore, in the above embodiment, a pressure sensor 6 is used as a load sensor. However, a 
current sensor (not shown) for detecting current of the variable-speed motor 2 may be used instead of this 
pressure sensor. This current sensor can easily detect a pressure of discharge fluid from the fixed 
displacement type hydraulic pump 1 via current having a value corresponding to the pressure. 

[0030] Also, in the above embodiment, the maximum set pressure, maximum set flow rate and maximum 
set horsepower are set by using the setting switches 21 , 22, 23. However, an EEPROM or flash memory 
may be used to write the maximum set pressure, maximum set flow rate and maximum set horsepower 
therein after or before shipment. 

[0031] Also, in the above embodiment, a deviation of the target horsepower and present horsepower is 
calculated to obtain a control signal. However, a control signal may be obtained based on a deviation of the 
target pressure and present pressure and a deviation of the target flow rate and present flow rate. 

[0032] Also, in the above embodiment, since the ac power supply (commercial power supply) 1 5 is used, 
the power supply device includes the converter 17. However, when a do power supply (battery) is used, the 
converter 17 is not required. 

[0033] Also, in the above embodiment, a fixed displacement type hydraulic pump is used. However, a 
variable displacement type hydraulic pump, which can change the upper limit value of the flow rate, may be 
used. 

[0034] As evident from the above, according to the autonomous inverter-driven hydraulic unit of the present 
invention, a control signal is outputted from the controller to the inverter based on outputs from the load 
sensor and rotation sensor without receiving a pressure command signal or flow rate command signal from 
outside so that the pressure and flow rate of fluid discharged from the hydraulic pump become the pressure 
and flow rate on the predetermined target pressure-flow rate characteristic line. Therefore, input signal 
wires can be omitted and no human operation for inputting these command signals is required since the 
pressure command signal and flow rate command signal do not need to be inputted from outside. Thus, 
wiring is simplified. 

[0035] According to one embodiment, since the target pressure-flow rate characteristic line is composed of 
the maximum flow rate line, maximum horsepower curve or pseudo maximum horsepower line and 
maximum pressure line, the variable-speed motor and hydraulic pump do not need to rotate at a rotation 
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speed higher than necessary when operation on the maximum flow rate line or maximum pressure line is 
performed. Therefore, energy saving can be achieved with little horsepower loss and noises can be 
reduced. 

[0036] According to another embodiment, the target horsepower calculation unit of the controller calculates 
the target horsepower based on outputs from the load sensor and rotation sensor and the target pressure- 
low rate characteristic line without receiving command signals from outside. On the other hand, the present 
horsepower calculation unit calculates the present horsepower based on outputs from the load sensor and 
rotation sensor and the comparison unit compares the target horsepower and present horsepower and 
outputs a control signal to the inverter so that the present horsepower becomes the target horsepower. 
Therefore, the flow rate and pressure of fluid discharged from the hydraulic pump can be easily made 
values on the target pressure-flow rate characteristic line. 

[0037] According to another embodiment, since the load sensor is a current sensor for detecting current 
which flows to the variable-speed motor, a discharge pressure of the hydraulic pump can be easily 
detected. 

[0038] According to another embodiment, since the load sensor is a pressure sensor for detecting a 
pressure in the discharge line of the hydraulic pump, a pressure in the discharge line of the hydraulic pump 
can be detected directly and precisely. 
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AUTONOMOUS INVERTER DRIVING HYDRAULIC UNIT 



Claims of corresponding document: EP1 134421 Translate "this text 



1 . An autonomous inverter-driven hydraulic unit comprising: 
a hydraulic pump (1); 

a variable-speed motor (2) for driving the hydraulic pump (1); 

an inverter(3) for driving the variable-speed motor (2) ; 

a load sensor (6) for detecting a load of the hydraulic pump (1 ) ; 

a rotation sensor (5) for detecting a rotation speed of the variable-speed motor (2) or hydraulic pump (1 ); 
and 

a controller (11) for outputting a control signal to the inverter (3) based on outputs from the load sensor (6) 
and rotation sensor (5) so that a pressure and flow rate of fluid discharged from the hydraulic pump (1) 
become a pressure and flow rate on a predetermined target pressure-flow rate characteristic line. 



2. The autonomous inverter-driven hydraulic unit according to Claim 1 , wherein 

the target pressure-flow rate characteristic line is composed of a maximum flow rate line (MV), maximum 
horsepower curve (MHP) or pseudo maximum horsepower line, and maximum pressure line (MP). 

3. The autonomous inverter-driven hydraulic unit according to Claim 1 , wherein 

the controller (11) has a target horsepower calculation unit (25) calculating a target horsepower based on 
the outputs from the load sensor (6) and rotation sensor (5) and the target pressure-flow rate characteristic 
line, a present horsepower calculation unit (26) calculating a present horsepower based on the outputs from 
the load sensor (6) and rotation sensor (5) and a comparison unit (27) comparing the target horsepower 
and the present horsepower and outputting the control signal to the inverter (3). 

4. The autonomous inverter-driven hydraulic unit according to Claim 1 , wherein 

the load sensor is a current sensor for detecting current flowing to the variable-speed motor (2). 

5. The autonomous inverter-driven hydraulic unit according to Claim 1 , wherein 

the load sensor (6) is a pressure sensor (6) for detecting a pressure in a discharge line of the hydraulic 
pump(1). 
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